32% of the total length of cores sam pled in the coastal regime consisted of co lumnar ice, which is classified as having a grain size of 10" 2 ->10" 1 m and an elongate grain shape. The large percentage of co lumnar ice within the vast stretches of open water of the coastal polynya system reflects quiescent growth conditions for a significant period of time, corresponding to low winds during the latter part of the Polarstern voyage.
Steady wind speeds of less than 3 m/s over open water generally cause a thin layer (<0.05 m) of frazil ice to form at the surface. After this "seed bed" is estab lished, ice growing downward into the wa ter develops a columnar texture. The pho to shows an example of this type of new ice with a transition zone from granular to columnar texture at depths between 0.005 and 0.025 m, below which crystals of fa vorable orientation have outgrown other grains. Under very calm, cold conditions, open water in the study area was covered with an ice rind less than 0.01 m thick, underlain by columnar ice.
the University of California at Santa Cruz (UCSC), as of 10 days following the main shock.
The Santa Cruz Mountains (Loma Prieta) earthquake was the most severe in the conti nental U.S. since 1952, when a very large earthquake (Ms = 7.7) broke along the White Wolf fault near Bakersfield, Calif. It was the largest event on the San Andreas since the 1906 (M = 8.3) San Francisco event.
The hypocentral location, from the U.S. Geological Survey in Menlo Park, Calif., is now 37°02.00'N, 121°53.23'W. Depth of fo cus (H) is 18.24 km. Damage was extensive in areas near the main fault rupture, such as Santa Cruz, Watsonville and Los Gatos, and also at greater distances in localized areas of San Francisco and Oakland.
Two moderate earthquakes (ML^5) oc curred near Lake Elsman (37°06.71'N, 121°54.67'W, H = 14 km) and the Lexington Reservoir (37°07.62'N, 121°56.86'W, H = 17 km) along the San Andreas fault on June 27, 1988, and August 8, 1989 , respectively. A short-term earthquake advisory was issued by the California governor's Office of Emergen cy Services following each event, based on an analysis prepared by the California Earth quake Prediction Evaluation Council (CE-PEC) for preplanned advisories following possible foreshocks near known seismic gaps in California.
Such advisories expire after about five days, which is an approximate characteristic time period for preshock activity before large earthquakes (ML2?7.0) in the western U.S. since 1857. The five-day limit also conforms with the ability of state and local agencies to sustain readiness activities. The 1988 and 1989 advisories were deemed very useful be cause response plans were tested and updat ed before the main shock actually occurred.
Four digital, strong ground motion record ers (Teledyne Geotech A-700) deployed in this area by Richter Laboratory personnel subsequently recorded near-field strong ground motions of the main shock and all af tershocks at distances of 0-25 km from the fault's surface trace. These sites were aug mented by 6 additional stations and co-locat ed instruments immediately following the main shock, thanks to help from Gerry Simila of California State University at Northridge and also from Kinemetrics staff in Pasadena, who rapidly came to our assistance despite a disruption of communications. All peak accel erations known to us at this time are shown in Figure 1 .
Another major deployment of field instru ments was being done by geophysicists from PASSCAL (Program for Array Seismic Stud ies of the Continental Lithosphere) and the University of California, Berkeley, in the same time frame (see "Earthquake Re sponse," Eos, October 31, p. 1450). Seismicity data were accessed by UCSC from USGS at Menlo Park via computer networks as the af tershocks occurred. Rapid data upgrades and relocations by Andy Michael at USGS were particularly helpful as a guide for our own Peak ground acceleration of the Santa Cruz Mountains (Loma Prieta) earth quake in percent of giwith symbol size scaled for values of<20% g;20%-49% g; ^50% g. 
Need for Real-Time Assessments From Global Seismographs
The Santa Cruz Mountains (Loma Prieta) earthquake clearly demonstrated the need for rapid source mechanism determination that can be achieved only by the most current generation of seismic instrumentation. As was the case for the magnitude-5.9 Whittier Nar rows earthquake of October 1, 1987, identifi cation of the type of faulting in near real time is vital for emergency response coordination involving short-term evaluation of the hazard context of the event. It is also vital for effec tive coordination of instrument deployment and geologic field studies in the epicentral re gion.
The lack of an unambiguous surface break along the San Andreas led to speculation that either the adjacent Zayante or Sargent fault may have been the causal fault, which would greatly modify the appraisal of imminent haz ard for the San Andreas system. While aftershcok locations provided by the real-time short-period California network operated by USGS strongly suggested that the San An dreas was the main fault, substantial concern was raised by the lack of surface rupture and the close proximity of other candidate faults.
Near real time analysis of distant seismic waves to determine the source mechanism of the main shock was made possible by a new dial-up capability that has been implemented in two modern seismic installations affiliated with Incorporated Research Institutions for Seismology (IRIS), as well as a global network operated by project Geoscope of the Institut de Physique de Globe de Paris, France (IPG). These stations have broadband, high dynamic range data acquisition systems with local mass storage devices that are accessible by tele phone.
The two IRIS stations-PAS, operated in Pasadena by the California Institute of Tech nology, and HVD, operated in Cambridge, Mass., by Harvard University-have open ac cess, allowing researchers at several places to retrieve data within hours of an event. Adam Dziewonski of Harvard, joined by visitor Kenji Satake, had to wait for major arc sur- Figures 2b and 2c respectively. Symbol size is scaled with magnitudes: 3.0 «sM=s=3.9; 4:0^M^4.9; 5.0^M^5.9; 6.0^M. Symbol type indicates depth: plus, 0=^h^4.9 km; square, 5.0^h^9.9 km; diamond, lO.O^h^ 14.9 km; triangle, 15.0^h.
b. Longitudinal projection of main shock and aftershocks (M^3.0) with depth along A-A' during the first 24 hours as shown within box area in Figure 2a .
c. Perpendicular projection of main shock and aftershocks (M^3.0) with depth across B-B' during the first 24 hours as shown within box area in Figure 2a. face wave arrivals to make a several-hour transit around the globe to station HVD be fore performing a Centroid Moment Tensor inversion (best double couple: moment, Mo = 11 x 10 19 Nm, strike = 141°, dip 87°, rake 112°) of the Harvard and Pasadena data. While a truly remarkable feat of real time seismology, the limited azimuthal coverage provided by these two stations, separated by almost 70° in azimuth and both located along P and Rayleigh wave radiation nodes, compli cated the inversion process.
Hiroo Kanamori at Caltech also used the PAS and HVD data to constrain the mecha nism, with surface waves indicating a pre dominantly strike-slip orientation. But close inspection of the body waves at HVD re vealed a distinct oblique thrust component as well (strike 125°, dip 70°, rake 150°). This was corroborated by an inversion performed simultaneously at the University of Tokyo, Ja pan, by Hitoshi Kawakatsu, who added data from a third high-quality station, TSK, locat ed in Tsukuba, Japan, to determine a solu tion (Mo = 2.2 x 10 19 Nm, strike 125°, dip 72°, rake 132°).
Subsequently, Barbara Romanowicz, at IPG in France, determined a fault mechanism based on surface waves recorded at six Geoscope stations (Mo = 6-8 x 10 19 Nm, strike 143°±10°, dip 86°±10°, rake 107°±10°) and P and SH waves at four stations (Mo = 2.4 x 10 19 Nm, strike 141°, dip 75°, rake 113°). These stations also have dial-up capability, al lowing near real time data retrieval; however, general access to data from Geoscope is re stricted until seismograms from the entire network are processed and prepared for re lease.
The focal mechanisms provided by the near real time capabilities indicate that more than simple strike-slip faulting was involved in the rupture, with significant (70°) nonvertical fault dip and a thrust component to the slip. This information was consistent with the local seismicity (USGS first-motion mecha nism: strike 130°, dip 70°, rake 130°) and helped evaluate the observation of compressional surface disruptions, the deficiency of strike-slip surface offset expected given the event size, and the geometric complexity manifested as a local bend in the San An dreas fault in the Santa Cruz Mountains.
The benefits of quick fault mechanism de termination being apparent, it is important to recognize that the reliability and extent of in formation that can be retrieved from a net work of dial-up stations depends strongly on the station density and azimuthal coverage. Several additional IRIS stations in the U.S., located in Alaska, Hawaii, Oregon and Mis souri, are being equipped with dial-up capa bility.
For this particular event these stations would have provided very good azimuthal coverage, although data from stations as close to an earthquake as Pasadena was are diffi cult to use in most existing quick inversion methods. Ideally, a global network of 15-20 dial-up broadband, high dynamic range sta tions would provide excellent near real time focal mechanism determination capabilities for all major seismogenic regions of the globe, including western North America and Alaska. While continuous satellite telemetry of such signals is the likely ultimate objective, telephone link capabilities have demonstrated their great utility and importance.
Preliminary Geodetic Observations
Jim Savage of USGS in Menlo Park sum marized for us findings from geodetic obser vations carried out following the October 18 shock.
• Two kinds of geodetic observations have been gathered since the earthquke occurred; geodolite and GPS. In particular, seven geodolite stations deployed throughout the re gion have been measured; GPS data have also been collected along the entire length of the fault.
• The two datasets (conventional and GPS) have been analyzed independently; the two separate models are considered to be very similar to each other.
The best model representing a combination of the two analyses is: Strike Constrained to be that determined from the local seismograph network (N48°W) Savage emphasized that this solution is very much in agreement with the seismological so lution, for example, the position of the fault.
The unusual depth of the top of the fault (6 km), in addition to the strong heterogeneity of the uppermost part of the crust in the re gion might account for the lack of surface faulting. Reports from the 1906 shock also gave a similar description of surface faulting in this area (no clear fault scarp, only wide spread fissures and breakage).
Observations of Sea-Level Changes
Based on Savage's preliminary results, the predicted vertical deformations (Figure 3) were rapidly computed at UCSC by Gianluca Valensise to provide a guide for field reconnaisance. The Santa Cruz Yacht Harbor is one of the best sites for looking at the vertical uplift that occurred along the coastline fol lowing the earthquake.
Three main observations were provided by the harbor master, Stephen Scheilblauer.
• Several decks were found stuck to the piers after the earthquake and had to be lifted manually (or even broken); this would imply that the sea level went below the usual low tide level.
• Several boats were found lying on the har bor floor; this also would imply that the sea level was permanently altered after the earth quake.
• A small tidal wave was observed rushing out from the harbor following the earth- Fig. 3 .
Predicted vertical deformation associated with motion along a planar, uni form slip fault embedded in an elastic half-space. Computations are made under the as sumption of a multiple point source. Contour interval is 0.1 m. Geographical coordi nates are given in latitude and colongitude. Significant uplift is predicted along the coast between Santa Cruz and Moss Landing. Subsidence is predicted east of the San Andreas fault in the Santa Clara valley. The slight asymmetry of the isolines accounts for the strike-slip component implied in the faulting mechanism. quake; since at that time the tide level was close to the mean sea level, the observed phe nomenon is likely to be related with perma nent uplift of the land relative to the ocean.
The observations described above can only marginally be explained by post-earthquake sliding of the harbor infill (which produced several scarps up to 0.4-0.5 m high). Due to landslides, some people at the harbor think that the land actually sank as a result of the earthquake. The only tide gauge in the area is on a wood pier located by the restaurant Aldo's on the west side of the harbor.
Even though we do not expect a precise measurement, the tide gauge should be able to record a 0.2-0.3 m change in the mean sea level, as predicted by the model; this will be checked by the harbor master during the next week. Precise levelling measurement (probably first order) will be carried out by a U.S. Army crew, and possibly by County per sonnel of the Public Works Department. A few benchmarks are located on East Cliff Drive. We strongly recommend that these crews start surveying as soon as possible.
Geology
No unambiguous 1-2 m right lateral offset on any surface rupture has been found. Rather, a complex pattern of ground crack ing is seen in a broadly defined zone whose center is southwest of the San Andreas fault surface trace sensu stricto. This deformation pattern has been documented by many geolo gists, among them those working with Santa Cruz County and USGS, local consultants, and scientists from many academic institu tions.
A large number of these cracks have been found to be complex head scarps defining large slide masses triggered by the earth quake. The destruction of houses and the lo cation of some of the cracks indicate a curi ous concentration of both intense shaking and ground rupture associated with ridge crests. Liquefaction has been documented in low-lying areas. In some places well-devel oped sand volcanos have been documented. Unconfirmed reports from geologists work ing in the Santa Cruz Mountains indicate ac celerations in excess of 1.0 g.
The diffuse set of cracks and broad zone of intense ground rupture at the surface are consistent with a dipping fault plane and the strain pattern expected due to a major bend along a strike slip fault. In addition, consist ency between the predicted vertical deforma tion pattern and the local topography ( Figure  3) indicates that the Santa Cruz Mountains (Loma Prieta) earthquake is probably charac teristic for this stretch of the San Andreas fault. The deep open ocean exhibits energetic space-time variability phenomena that are the counterpart of atmospheric weather systems. The internal weather of the sea occurs on the scale of the internal deformation radius (depth times the ratio of buoyancy to Coriolis frequencies), with features called "mesoscale" fronts and eddies, although the dynamical analogy is with the atmospheric synoptic scale [Charney and Flierl, 1980; Robinson, 1983] . Space scales range from tens to hundreds of kilometers and time scales from days to months; features extend from surface to bot tom intensified in the upper ocean main thermocline.
The Oceanography Report
Mesoscale effects include the intermittent energization of regions; the shifting of cur rents; the location of air-sea interaction events; the transport, entrapment and disper sion of such things as heat, chemicals, nutri ents, larvae, and pollutants; and the alter ation of sound propagation. Forecasting the internal weather of the sea is important scien tifically and practically and is now feasible [Mooers et al, 1987; Robinson, 1987] due to rapid, recent advances in physical oceanogra phy and related technologies, especially satel lites and computers. We have established a forecast system for the Gulf Stream Meander and Ring (GSM&R) region, called GULF-CAST, that provides predictions one week ahead in real time and on an ongoing basis.
The GSM&R region and GULFCAST do main (-1000 x 2000 kms) are shown in Fig  ure 1 . Here the Gulf Stream flows as a welldefined free jet with a profile that varies little when viewed in coordinates tied to the instan taneous axis [Watts, 1983] . Warm core rings (eddies) trapped between the stream and the continental shelf translate generally southwestward; cold core rings, unconstrained, translate westward [Richardson, 1983] .
The stream can grow and propagate waves and meanders, straighten out, perform con torted large-amplitude loops, and snap off warm and cold eddies. Rings can propagate in isolation, or interact with the stream and each other, singly or multiply. Grazing inter actions with rings can result in rapid stream shifts in any direction, and reabsorption of a ring can distort the jet significantly and nonlocally. Associated with the downstream and swirl flow components of the stream and rings are strong cross-flow horizontal thermal fronts in the thermocline that usually extend to the sea surface ( Figure ID) .
The Gulf Stream system is a feature of the general circulation and is energized remotely.
Except for near-surface features and surface modification of deeper frontal signals, local atmospheric forcing is usually unimportant. The system evolves via internal dynamical processes, in a manner conceptually similar to atmospheric weather. The oceanic prediction problems differ dynamically for propagation regimes (meander growth and ring transla tion), and interaction regimes (rapid energet ic synoptical-dynamical events, for example, ring birth and reabsorption).
The Forecast Scheme
GULFCAST is an implementation of the Ocean Descriptive Predictive System concept for field estimation initiated in the northwest ern Atlantic Ocean [Robinson and Leslie, 1985] and developed in the California Current for real-time forecasting [Rienecker and Mooers, 1989] , A data assimilation scheme melds esti mates from an ongoing observational net work with the output of an oceanic dynamical model. Satellite observations provide cover age (mesoscale structure over a large region), and some essential in situ observations pro vide critical subsurface information.
The dynamical model extrapolates surface observations downwards throughout the deep ocean, interpolates between sparse observa tions, and extrapolates forward in time (FORECASTS). The present best estimate from melded observations and model output is called a NOWCAST. The kinematical char acteristics of the GSM&R region are used to exploit available surface data and decrease subsurface data requirements via FeatureModel Initialization of the dynamical model [Robinson et al, 1988] .
Observations position geographically the thermal fronts of the Gulf Stream and warm and cold rings. Then standard analytical structure models for the subsurface jet and ring profiles are located relative to the fronts. These feature models require only a few indi ces associated with maximum speeds, vertical shears, widths and radii of the jet and the ring vortices. The dynamical model first dynamically adjusts the features and initiates interactions, then dynamically interpolates
